Résumé. 2014 Nous examinons l'instabilité de Peierls dans HMTTF-TCNQ avec un modèle Ginzburg-Landau, et Abstract. 2014 We examine the Ginzburg-Landau model for the Peierls instability in HMTTF-TCNQ and show that the three-dimensional ordering is dominated by the diagonal coupling between TCNQ chains in the alternating chain lattice. The transverse wave vector can be incommensurate and nearly constant in the wide temperature range below a common critical temperature (50 K) for both families of chains. We find that just below this temperature the ordering is dominated by the TCNQ chains, while the deformation of the HMTTF chains remains weak until about 43 K and then sharply increases. Thus we expect one phase transition temperature but two anomalies in physical properties. These results are consistent with the experimental observations of diffuse X-ray scattering, transport properties and specific heat.
Interesting results concerning the three-dimensional ordering in HMTTF-TCNQ were obtained in recent X-ray studies by Megtert et al. [1] . Below 50 K a three-dimensional ordering of chain deformations develops with wave vector component qa = 0.42 a*, qb = 2 kF = 0.37 b*, and qc unidentified. Within the experimental error the transverse wave numbers qa and qc appeared to be the same over the whole temperature range of the experiment (T &#x3E; 12 K), even though the intensity of X-ray spots in the three-dimensional order increases rapidly below 43 K.
These X-ray data show clearly that the ordering in HMTTF-TCNQ differs considerably from that in TTF-TCNQ : the ordering in the latter system [2] starts at 54 K with the commensurate value qa = a*/2. qa decreases from this value on lowering the temperature below the second critical temperature at 49 K.
Such behaviour was explained within the GinzburgLandau model [3] [4] [5] . It was also shown [5] that the situation in which both families of chains order together is also possible in a lattice of the TTF-TCNQ type. qa for such ordering is in general incommensurate and varies with temperature.
The details of the three-dimensional ordering in a given chain system depend essentially on two factors : the symmetry of the chain lattice and the strength of the different (interchain) coupling cons- tants. The chain arrangement in HMTTF-TCNQ ( Fig. 1) figure 1 . We take for simplicity ~(Q 2013 Q) = Aa(H -H), etc., and also limit the following discussion to ~la, ~1~, Ad &#x3E; 0. The temperature enters F through the coefficients aQ,H, the form of which depends upon the nature of the critical fluctuations [5] .
Equation (1) implies that phase modulation of the ordering, with only one diagonal in the wave vector star (± qx, ± 2 kF, ± ~), is being activated. It can be shown in a way completely analogous to that for TTF-TCNQ, . that such modulation may be unstable only when the points of the star are fourth-order commensurate [5, 6, 7] (i.e. when qx = a*/4 and/or qz = c*/4). (1) . Moreover, the condition PH/PQ 1 is consistent with the result for PH and pQ which follows from equation (7) and will appear to be the most relevant one for HMTTF-TCNQ.
Through equation (9) the free energy (7) reduces again to the bilinear form (4) , but the harmonic coefficients are now given by As in the case (i), both chain families again order together, but now with an incommensurate value of qa.
The details of the temperature behaviour of pQ and pH below the critical temperature Tc (Eq. (5)) will be discussed later.
The solution (8) (7), (10) and (17 Let us now return to the actual ordering in HMTTF-TCNQ. We have seen that the formation of threedimensionally ordered deformations with the incommensurate value of qa is realized in the case (ii) as well as in the case (iii) provided that equation (12) is valid and that 7~ &#x3E; TQ. However detailed examination of equation (11) shows that the observed temperature dependence of X-ray spot intensities [1] cannot be understood within the latter case. In this case it appears that for all possible physical values of parameters appearing in equation (11) [1] . We thus identify 7, to be equal to 50 K, while the steep increase of pH starts at about 43 K.
Provided that the gap on HMTTF chains is less than kB T, this is consistent with the conductivity [9, 10] and specific heat [11] measurements in which 50 K and 43 K anomalies were observed. Furthermore the ESR data [12, 13] indicate that these anomalies correspond to the change from the metallic to the insulator state on TCNQ and HMTTF chains respectively.
Finally, we interpret the observed temperature independence of qa and qc in HMTTF-TCNQ [1] .
The constancy of qc is consistent with our result (2) (2 ) This result has indeed been confirmed by Pouget et ale [14] after the present text was submitted.
in the diagonal and the a-direction of figure 1 [18] . However for the crossover picture to be meaningful, the mean field temperature should be much more than a few degrees above the phase ordering temperature. In other words we believe that such closely spaced anomalies as observed in HMTTF-TCNQ cannot be ascribed to the crossover from 1-dim to 3-dim regimes.
The striking difference in the behaviour of the anomalies in HMTTF-TCNQ and TTF-TCNQ is thus attributed here to the difference in the lattice geometries rather than to the differences in the underlying physics. The alternation of chains in both transverse directions led to the bilinear form of the Ginzburg-Landau expansion in terms of pQ and pH (Eqs. (8) (9) (10) ) and subsequently to the possibility of behaviour of pQ and pH resembling two phase transitions but without large variations in qa. Of course there is only one critical temperature, but the order parameter on one set of chains increases sharply near 43 K giving rise to a second anomaly in the transport properties [9, 10] and specific heat [11] . Furthermore, due to the diagonal coupling Ad which is smaller than ~1~, qa may have a nearly constant incommensurate value in a wide range of temperatures. Such behaviour could not be realized in e.g. the TTF-TCNQ like lattice, for which the above discussion as well as the earlier work [5] show that the incommensurate ordering always goes together with substantial temperature dependence in the wave number qa.
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